Abstract Nanoscale oxide dispersions have long been used to increase the oxidation and wear resistance of alloys used as bond coatings in thermal barrier coatings. Their manufacturing via mechanical alloying is often accompanied by difficulties regarding their particle size, homogeneous distribution of the oxide dispersions inside the powder, involving considerable costs, due to cold welding of the powder during milling. A significant improvement in this process can be achieved by the use of process control agent (PCA) to achieve the critical balance between cold welding and fracturing, thereby enhancing the process efficiency. In this investigation, the influence of the organic additive stearic acid on the manufacturing process of Al 2 O 3 -doped CoNiCrAlY powder was investigated. Powders were fabricated via mechanical alloying at different milling times and PCA concentrations. The results showed a decrease in particle size, without hindering the homogeneous incorporation of the oxide dispersions. Two powders manufactured with 0.5 and 1.0 wt.% PCA were deposited by high velocity oxygen fuel (HVOF) spraying. Results showed that a higher content of elongated particles in the powder with the higher PCA content led to increased surface roughness, porosity and decreased coating thickness, with areas without embedded oxide particles.
Introduction
Thermal barrier coating (TBC) systems are an essential feature of most modern Brayton cycle turbines that transform thermal energy into mechanical energy. Turbines have severe thermal and mechanical loading of the components for gaining higher efficiencies and TBCs are needed to reduce temperatures and improve oxidation (Ref [1] [2] [3] . Current TBCs can lower the substrate's surface temperature by 200-300°C; however, higher temperatures are desired to further increase efficiency .
TBCs consist of a ceramic top coating, typically made of yttria-stabilized zirconia (YSZ), which acts as the heat shield. A metallic oxidation-resistant bond coating (BC) is used below the ceramic layer. The BC's primary purposes are to improve oxidation resistance of the superalloy substrate, as oxidizing species readily penetrate the porous outer layer, as well as to enable sufficient bonding of the ceramic to the substrate ( Ref 1, 3, [7] [8] [9] . Typical BCs include NiAl diffusion coatings as well as MCrAlY or MCrAlX alloys (M=Ni, Co). The latter are used for applications above 850°C (Ref 10) . Rather than just Y, the X in MCrAlX includes additional elements such as Hf, Si, Ta and/or Re. Reactive elements (RE) such as Y and Hf are added in small amounts (\1%) to modify the growth and improve the spallation of the oxide layer formed during operation. This thermally grown oxide (TGO) preferably consists of a-Al 2 O 3 due to its slow growth and thermodynamic stability. For this reason, [8] [9] [10] [11] [12] [13] [14] [15] wt.% of Al are added to the BC alloys ( Ref 3, [11] [12] [13] [14] [15] [16] .
The BC can be considered as a sacrificial Al-rich layer that facilitates long-term TGO growth and adhesion. Once the BC Al reservoir falls below a threshold, oxides based on the other alloy components (i.e., Cr, Ni, Co) form. These possess a considerably higher growth rate and therefore cause deformation, increasing stress in the TBC and eventually TBC spallation (Ref 5, 6, 12, 15) . Cracks propagate primarily parallel to the BC-gas interface and near or in the TGO and lead to delamination and failure of the whole TBC system (Ref 17) .
Typically, MCrAlX powders are fabricated through gas atomization and sieving to the desired particle size ranges. This leads to spherical particle shapes in the micrometer range that are ideal for application via thermal spraying (Ref 18) such as high velocity oxygen fuel (HVOF), cold spaying, air plasma spraying (APS), vacuum plasma spraying (VPS) or low-pressure plasma spraying (LPPS) processes (Ref 5, 6, 19, 20) . HVOF, cold spraying and APS are operated in oxygen-rich environment which leads to the oxidation of the particle surfaces during spraying. This in turn reduces the amount of freely available Al in the coatings for the formation of the TGO, limiting the lifetime of the coatings. Furthermore, the same applies to reactive elements. Their oxidation directly influences the oxidation behavior either by the negative reduction of available reactive elements or by the positive formation of oxide dispersions. LPPS and VPS lower the oxidation and entrapment of air, leading to porosity, but require high-cost machinery and operation to create the low-pressure environments ( Ref 21, 22) .
Considerable research has been directed toward optimizing the BC composition and particularly the RE additions to minimize the TGO growth rate and improve adhesion, thereby improving TBC lifetime (Ref 6, 12, (23) (24) (25) . If the RE additions in the coating are too high, RE-rich phases form in the TGO that act as diffusion paths for oxygen. These accelerate the depletion of available Al in the coating and the transition to mixed oxide growth. In the literature, this effect is called overdoping (Ref 19, 26, 27) . Similar benefits are achieved when the RE is added as a nanoscale oxides. Such materials are called oxide dispersion strengthened (ODS) (Ref 11, 13, 28, 29) . ODS BCs are known to possess similarly enhanced oxidation characteristics as achieved with RE alloy additions, and the oxide dispersions also improve the high temperature creep strength of the alloy depending on the amount of added dispersions and the alloy grain size. Furthermore, due to the low activity of the RE when incorporated as an oxide in the metal matrix, compared to metallic RE additions, RE diffusion rates are far lower, which minimizes potential overdoping issues that can occur when the RE level is too high or the BC is very thick (i.e., a large RE reservoir is present in the coating).
To achieve a homogeneous distribution of the oxide dispersions in ODS MCrAlX, the powder mixture is ball milled or mechanically alloyed. Mechanical alloying was developed in the 1960s, during which the particles are deformed, fractured and cold welded (Ref 30) . During cold welding, the dispersions are embedded, and through the continual fracturing and cold welding the distribution is refined until a homogenous distribution is reached, where every particle has the composition and ratio of the starting powders. Typically, oxide amounts of \2 wt.% are added. Due to this addition and the subsequent primarily ductile behavior of the powder mixture, cold welding of the particles can occur which leads to unwanted particle growth (Ref 29) . Increased particle size is especially detrimental for subsequent thermal spraying processes, since large particles are not sufficiently molten, leading to pores, lower deposition rates and therefore a severe decrease in the process' efficiency.
In this investigation, a process control agent (PCA) was added to increase the amount of usable powder and shorten the necessary fabrication time by decreasing the ratio of cold welding in the early stages of the MA process. The PCA changes the MA process by two mechanisms: (1) the formation of an inhibitor interlayer around the particles that obstructs cold welding and (2) a lubricating interlayer around the particles and milling balls that lowers the energy induced into the particles during collision due to a sliding effect. This limits the number of effective collisions, especially after smaller particle sizes have been reached (Ref [31] [32] [33] [34] [35] [36] . The influence of a PCA on the manufacturing process of Al 2 O 3 -doped CoNiCrAlY powder was examined. The milling time and the PCA content were varied and the effect on particle size, morphology and the incorporation of the oxide dispersions investigated. Additionally, the contamination caused by the PCA was evaluated. Two powders fabricated with different PCA contents were subsequently sprayed via high velocity oxygen fuel (HVOF) spraying to form ODS BC.
Experimental Procedure

Manufacture of Powders
The commercially available powder Amdry 995C (Co-30 wt.% Ni-20 wt.%Cr-8 wt.%Al-0,4 wt.%Y, -90 ? 45 lm, OErlikon Metco, Wohlen, Schweiz) was used as the matrix material. 2 wt.% of a-Al 2 O 3 (-18 ? 0.2 lm, Martoxid MR70, Martinswerk, Bergheim, Germany) were added as the oxide dispersions. Stearic acid (Ligacid 10-12, C 18 H 36 O 2 , Peter Greven GmbH & Co. KG, Bad Münster-eifel, Germany) was used as the PCA to limit particle growth and ensure successful incorporation of the oxide particles.
The powders were mixed and milled in a high-energy ball mill (Simoloyer CM01, Zoz GmbH, Wenden, Germany). The mechanical alloying process was performed in a water-cooled chamber (1.0 L Volume, 116 mm rotor bat diameter) in argon atmosphere to prevent oxidation at 870 rpm. 5.5-mm 100Cr6 milling balls were used in a ball-topowder ratio of 10:1 (weight relation).
The powders were for with 0.5 wt.% PCA milled various milling times (0.17, 0.5, 1, 2, 2.5, 3, 4, 5, 6, 7 h) to determine (1) the particle development with regard to their size and morphology, (2) their hardness, (3) the distribution of the oxide dispersions and (4) the behavior of the PCA during the MA process.
Additionally, the PCA content was varied (0.25, 0.5, 1, 2 wt.%) for powders milled over 4 h in a different watercooled chamber (0.5 L Volume, 72 mm rotor bat diameter) at 1400 rpm to equalize the mean ball velocities inside the chamber to the previous one. The other parameters, milling balls, ball-to-powder ratio and starting powders stayed the same. This was done to determine the influence of the PCA on particle morphology as well as the incorporation of the oxide dispersions.
Particle Size and Morphology
The particle size was determined via image analysis with the software ImageJ 1.50g by measuring the area of particles in cross-sectional images. Images were taken with Zeiss Axio Vert.A1 MAT light microscope (Carl Zeiss NTS GmbH, Oberkochen, Germany) of embedded powder samples. Assuming circular-shaped particles, the diameter was calculated. To analyze the state of deformation and the morphology of the powders, the circularity was extracted with the same program, by the formula 4p Á Area Perimeter 2 , given by the program with 1.0 being a perfect circle and decreasing values indicating deformed and elongated shapes. Mean values as well as standard deviations were calculated.
Incorporation of Oxide Dispersions
The incorporation of the oxide dispersions was determined visually with the same images. Furthermore, the sample milled for 6 h at 0.5 wt.% PCA content was investigated via scanning transmission electron microscopy (STEM) using JEOL 2200FS an aberration-corrected STEM operating at 200 kV, which is equipped with CEOS Cs Corrector and a Bruker XFlashÒ 6|30 silicon drift detector (SDD), and a FEI Talos F200X also operated at 200 kV and equipped with 4 SDD for chemical analysis to validate the incorporation of the oxide dispersions and determine the degree of contamination through the MA process. TEM specimens were prepared via focus ion beam milling (FIB) using in-situ lift-out technique using a Hitachi NB5000 FIB-SEM. The starting powder Martoxid MR70 was also analyzed via field emission scanning electron microscope (SEM) Carl Zeiss AG Ultra 55 PLUS (Carl Zeiss NTS GmbH, Oberkochen, Germany) and laser diffraction analysis (HORIBA LA-950 system, Retsch Technology GmbH, Haan, Germany) to determine the particle size distribution.
Chemical Analysis
The powders varied by milling time were chemically analyzed via LECO CS600 IR spectroscopy (LECO Corporation; St Joseph, Michigan, USA) and RC-612 Multiphase Carbon Determinator (LECO Corporation; St Joseph, Michigan, USA) multiphase carbon analysis. Both techniques measure the C content in the powders. While IR spectroscopy registers all organics present in the powders, the Multiphase Carbon Determinator does not register carbides. Therefore, the depletion of the PCA over the course of the MA process could be observed through a combination of both methods.
Hardness
Additionally, particle hardness was measured of the powders milled for 1, 2, 3, 4, 5, 6 and 7 h as well as the unmilled powder via Vickers hardness measurement through micro-indentation (Kleinlastprüfer Durimet; Leitz, Wetzlar, Germany) according to DIN EN ISO 6507-1:2005 of the powders embedded in resin.
For the spraying process powders milled for 6 h with 0.5 wt.% (used for coating 0.5) and 1.0 wt.% (used for coating 1.0), PCA concentration was sieved to a size range 36-56 lm.
Thermal Spraying
The ODS powders were sprayed via high velocity oxygen fuel (HVOF) spraying with a Diamond Jet Hybrid DJ2600 (OErlikon Metco, Wohlen, Switzerland). 25 9 25 9 3 mm 3 steel plates were used as substrates. The spraying parameters are listed in Table 1 .
The samples were embedded and cut and the cross sections analyzed via SEM imaging via Hitachi Tabletop Microscope TM3000 (Hitachi High-Technologies Europe GmbH, Krefeld, Germany). The porosity and coating thickness were measured via image analysis of 4 consecutive images and the mean values calculated. The deposition rate was calculated by dividing the coating thickness through the number of passes. Additionally, the roughness was measured via white light topograph CyberScan CT350T (cyberTECHNOLOGIES GmbH, Ingolstadt, Germany).
Results
Mechanical Alloying
Distribution of Oxide Dispersions Figure 1 shows BSE-SEM and light microscopy images of the 6-h sample. In both images, black spots were visible. The TEM and EDX analysis confirmed that the black spots are embedded Al 2 O 3 -particles of different sizes ( Fig. 1 and 2 , Al and O). The TEM and EDX analysis also revealed presence of Fe and Y precipitates in some particles (Fig. 2, Fe and Y) .
Milling Time Variation Figure 3 shows the light microscopy images of the cross sections of the embedded milled powders for different milling times with the addition of the unmilled powder Amdry 995 C for comparison.
The images revealed that in the first part of the MA process the originally spherical particles are deformed and flattened by the ball collisions (Fig. 3 , unmilled to 4 h). At 2.5 h first oxide dispersions appear in the particles in laminar fashion. At 5 h the particles change from elongated to irregular shapes with more homogeneous distribution of the oxide dispersions that become more numerous and homogeneously distributed as milling continues. This development proceeds in the subsequent hours (see Fig. 3,  6 and 7 h) .
The results of the quantitative analysis of the images are presented in Fig. 4 .
The quantitative results support the visual observations, as they show decreasing circularity with rising milling time up to 5 h. The minimal particle size distribution is reached at the same time as the minimal circularity or maximum elongation at 4 h. Afterward the cold welding leads again to particle growth and more irregular morphologies.
PCA Figure 5 shows the results of the chemical analysis and the development of the C contents of the organics as well as carbides over the course of the MA process up to 7 h. The calculated content for the unmilled starting powder mixture was added for comparison.
Most of the organic depletes in the first 3 h until a minimal value is reached. The measurement equipment could not register concentrations below 0.01 wt.%; therefore, it is assumed that the organic depletes almost entirely in the timeframe between 3 and 5 h. Carbides form at an equal ratio over the same time. Feeding disk rotation rate, % 15 Hardness The results of the hardness measurements of the embedded powders are listed in Fig. 6 and show a continual increase with the milling time of the MA process. Figure 7 shows the development of the powder morphologies at varying PCA contents for a milling time of 4 h. At lower concentration, the particles possess a primarily irregular morphology that becomes increasingly elongated with rising PCA content up to 1 wt.%. From 1 to 2 wt.%, the particle thickness appears to stay the same while the length and thereby elongation decreases. The size is continually reduced with increasing PCA content from 0.25 wt.% onward. Embedded oxide dispersions appear at lower concentrations, namely 0.25 and 0.5 wt.%, while 1 and 2 wt.% PCA content shows no black spots and therefore embedded oxide dispersions.
PCA Variation
The quantitative results of the image analysis shown in Fig. 8 confirm these observations.
The decrease in particle size sets in with 0.25 wt.%, although larger particles exist. At higher contents, the size decreases up to the maximum tested PCA content. From 1 to 2 wt.%, more PCA still leads to decreased particle size, but the difference is far lower than at lower additions and lies within the experimental error. The circularity of the powders decreases with added PCA up to 1 wt.%, though little change occurs in between 0.25 and 0.5 wt.%. From 1 to 2 wt.%, the circularity seems to increase. Figure 9 shows the cross sections of the coatings sprayed using powders milled with two 0.5 and 1 wt.% PCA concentration. They possess similar microstructures with little formation of oxide layers caused by in-flight and inter-pass oxidation (Ref 5, 20) . The oxide dispersions are again visible as dark spots in SEM images mostly homogeneously distributed throughout the coatings. Though, in both coatings there are areas without any oxide dispersions visible. In the case of coating 1.0, there appear more areas without any oxide dispersions throughout the coating that show greater deformation than in coating 0.5. Their form and lack of embedded oxide dispersions point to them being originally elongated particles.
Thermal Spraying
The results of the image analysis and roughness measurement are listed in Table 2 .
The deposition rate of coating 0.5 is considerably higher than of coating 1.0. On the other hand, roughness as well as porosity of coating 0.5 was lower.
Discussion Mechanical Alloying
Classical MA
During classical MA without the use of a PCA, particles are deformed, until a critical deformation is reached. Depending on their mechanical properties and ratio, and the energy introduced into the system in the form of milling parameters, such as milling speed, ball material and size and ball-to-powder ratio, they either brake into smaller particles or weld together. During cold welding, dispersions are embedded into the matrix material ( Ref 29, [37] [38] [39] . Smaller particles tend to bond together, while larger ones break (Ref 29) . In ductile systems, minimum thickness of particles is lower or greater incorporation of flaws necessary for particle fractures than in brittle system which leads to undesired particle growth.
MA with PCA
For MA with the PCA stearic acid, the particles were first deformed and elongated until the critical thickness was (Fig. 3, unmilled-2 h ) upon which they broke. Previous size reduction is most likely due to grinding of the particles in between two surfaces (milling balls and milling chamber walls) within the milling chamber. Assuming that during every cold welding event Al 2 O 3 dispersions are visibly embedded into the matrix lack of embedded oxide dispersions in turn means that unlike classical MA no cold welding and therefore only deformation and fracturing occurred in these first hours the PCA is active (Ref 31, 32, 34, 35) . After 2.5 h first incorporation of the oxides inside the metal matrix was observed in a laminar fashion (Fig. 3, 2 .5 h). This inhomogeneous incorporation in some particles is most likely caused by the depletion of stearic acid during milling that depleted fastest in the first 2 h (Fig. 5) . Still, it was not entirely depleted at 2.5 h when cold welding was first observed. Therefore, it is unsure, if the PCA had to deplete entirely around these particles or if a reduced coverage of the particle surface areas is sufficient to make bonding possible. As shown in other works, PCA can form . If full depletion occurs, clean surface-tosurface contact of the tested CoNiCrAlY particles appears to be necessary for bonding while in the case of only partially coverage the induced energy during an impact event has to overcome the inhibitory interlayer of the PCA. Once the PCA was fully depleted in between 4 and 5 h of MA, the level of cold welding increased as shown by the increased incorporation of the oxide dispersions (Fig. 3, 4 versus 5 h). Furthermore, the change from elongated to irregular shapes indicates that cold welding is accompanied by the development of irregular shapes. This was also shown by (Ref 41) where higher PCA concentrations led to elongated instead of irregular shapes.
Variation of PCA Content
The variation of the PCA content in this work showed similar behavior.
In this case, the shape of the particles changed from irregular shapes at 0.25 and 0.5 wt.% to elongated ones at 1 and 2 wt.% ( Fig. 7 and 8) . The irregular shaped particles and embedded oxide dispersions at lower concentrations imply that cold welding occurred while no embedded oxide dispersions were observed in the high concentration This points to similar depletion ratios for the PCA independent of its content.
It is possible though that the depletion rate is decreased for higher concentrations due to a growing sliding effect caused by the lubricating PCA layer around the particles and milling balls that has also been observed by others (Ref 36) . One sign of this is the change in morphology from irregular shaped particles at lower PCA concentrations (see Fig. 7 , 0.25 and 0.5 wt.%) to elongated ones at higher concentrations (Fig. 7, 1 and 2 wt.%). It appears that the lowered friction of particles and milling balls due to the lubricating effect of the PCA decreases the energy input during collision events, therefore reducing the amount of fracturing. This sliding effect could therefore increase the Reduction of particle size with increased PCA content up to 1 wt.% indicates increased effectiveness of stearic acid up to this concentration (Fig. 8) . The comparably minor size change from 1 to 2 wt.% suggests that the particle surfaces are saturated with the PCA at 1 wt.% PCA content.
The change in morphology to more irregular shapes without visible oxide dispersions points to more particle fractures. Having reached a particle size with a thickness that would lead to fracture during every collision event elongation is lowered. In this case, the minor size decrease would also mean that the number of collision events is reduced at 2 wt.% PCA. Either through the small particle size that might not be trapped as easily between two milling balls in a collision event, an increased lubricating effect leading to the same outcome or a mixture of both.
Contamination
The contamination of carbides found in the powders milled over different times (see Fig. 5 ) is most likely caused by the decomposition of the PCA during ball collisions. The organic decomposes and reacts with alloy elements to form carbides as observed in other works.
It is unsure how the formed carbides affect the mechanical properties as well as the oxidation behavior of the coating, although there are cases to use PCA during MA to intentionally embed carbide precipitates in the metal matrix to increase mechanical properties such as hardness or wear resistance or reduce metal oxides by mechanochemical reduction (Ref 31, 36, 42) .
The TEM and EDX analysis in Fig. 1 also showed Fe precipitates in the particles (Fig. 1, Fe) . During the MA process, the powder mixture forms a coating around the milling balls and milling chamber which is known to reduce contamination from the steel vessel and the balls (Ref 29) . Still, it seems that its effect is limited which might negatively affect the oxidation behavior of the later coating. The same applies to the formation of a Y-rich phase. They could be formed by oxidation of the Y present in the alloy with oxygen impurities in the milling chamber.
Hardness
Increase in hardness as in Fig. 6 during mechanical alloying is a common effect and caused by (1) cold working of the particles, (2) grain refinement, (3) formation of carbides and (4) incorporation of the oxide dispersions at milling times above 2 h, since after this time cold welding came back into effect, due to the depletion of the PCA as shown above (Ref 29, 43, 44 ). Grain refinement is a common phenomenon of milling and was also observed in other studies (Ref 5, 44) . It was also observed that this refinement led to reduced oxidation kinetics of the coatings despite the increase in diffusion pathways in the alloy (Ref 5) . Later oxidation experiments might show if this contributes to the effect of the oxide dispersions. Increase up to 7 h points to hardness increasing mechanisms occurring at milling times above 6 h. These are of secondary importance in this case, due to the subsequent recovery during thermal spraying of the powder as well as heat treatment of the coatings (Ref 45).
Effect of Different Milling Chambers
Comparing the results of the two conducted experiments, the variation of milling time and PCA content, one should notice the difference of particle morphology and size in the cases of the powder milled at the same parameters but different milling chambers (Fig. 3, 4 h versus 7, 0.5 wt.%) and the respective qualitative results in Fig. 4 and 8 . All parameters were kept the same but the milling speed which was adjusted to account for the different rotor bat diameters of the milling chambers. Therefore, another up to now unidentified parameter must influence the MA process. Milling runs with the smaller chamber were conducted with a higher milling charge which indicates that the parameter is influenced by the charge volume-to-chamber volume ratio. The powder milled in the 1-L chamber possesses an elongated morphology without embedded oxide dispersions which is in line with an earlier stage of MA in comparison with the irregular shaped particles found in the powder milled in the 0.5-L chamber. The accompanied homogenously embedded oxide dispersions of the 0.5-L powder confirm the apparent later stage of the powder in the MA process.
Considering this, powder 0.5 L had to endure either more collisions per timeframe than powder 1.0 L or collisions with higher energy input. Both would lead to a faster decomposition of the PCA and therefore change to classical MA (Ref 31).
In conclusion, the following sequence for MA of CoNiCrAlY powder with oxide dispersions under the influence of a PCA is proposed. The process is separated into three phases (see Fig. 10 ). (I) A distribution phase of the PCA, during which the PCA is distributed throughout the powder mixture and forms a layer around the particles and milling balls. (II) Subsequently follows the fracturing phase. In this due to the inhibitory and lubricating interlayer, no welding occurs, as long as the particles are sufficiently covered by PCA. (III) After the PCA content decreases, the coverage of particles becomes broken and bonding occurs. The system changes to conventional MA with simultaneous deformation, fracturing and cold welding that allows particle growth and the incorporation of oxide dispersions.
Influence of Elongated Particles
The investigation of the sprayed coatings 0.5 and 1.0 revealed that the powder with a higher proportion of elongated particles leads to a coating with increased roughness as well as porosity and far decreased deposition rate. The latter demonstrates the significant decrease in the coating efficiency. All of which seem to be effects by the flight and collision behavior of elongated particles. It is feasible to presume that it is partly caused by the elongated particles' lower drag coefficient that is greater for spherical and irregular shapes (Ref 46, 47) .
The lower drag coefficient in turn leads to lower velocities on impact and therefore less deformation. Additionally, it appears that air is more readily trapped under the elongated particles causing higher porosity. The subsequent stacking effect of the less deformed particles increases porosity and promotes thickness as well as roughness.
Another aspect of the elongated particles is their lack of embedded oxide dispersions. Since most of these particles are solely deformed and elongated without bonding, no oxide dispersions are entrapped. Another work has shown how important the distribution of oxide dispersions is on the oxidation behavior in alloys, though oxidation experiments will be necessary to ensure this (Ref 48) . A more detailed study about the flight and impact behavior of differently shaped particles also to determine the range of ODS particles viable for thermal spraying is planned for the future.
Oxide Dispersions
The presence of elongated particles without oxide dispersions in the coating shows that there appears to be little to no change in the distribution of the oxide dispersions over the course of the spraying process. Once the oxide dispersions have been embedded into the metal matrix, they are not redistributed again by thermal spraying.
Conclusion
ODS powders were manufactured by MA with the addition of the PCA stearic acid over different milling times and different PCA contents. The PCA lowered the proportion of cold welding, and therefore, the particle growth in the first 4 h of the MA process. Longer milling times lead to a depletion of the PCA and contamination by carbides in the particles as well as increased hardness. After 4 h the PCA was fully depleted after which the system showed a more classical MA without PCA where cold welding leads to the formation of growing irregular shaped particles and the incorporation and homogeneous distribution of the oxide dispersions. They were identified as Al 2 O 3 . Increased PCA contents lead to decreased particles sizes and an increased ratio of elongated particles with little to no embedded oxide dispersions. Furthermore, the milled particles showed indications of Fe contamination and Y precipitates. Two powders fabricated over 6 h of milling time with 0.5 and 1.0 wt.% PCA content were sprayed via HVOF. The results showed that the powder with the greater PCA content leads to greater roughness, coating thickness but also porosity as a result of the higher ratio of elongated particles in the powder than the powder with the lower PCA content.
